Purpose: To date, increasing evidences have demonstrated that the aberrant expression of miR-371-3 cluster has been verified in various cancers and could be potentially used as a biomarker for tumor diagnosis and prognosis. To explore the role of miR-371-3 cluster in tumor diagnosis and prognosis, we conducted this study based on the published data. Methods: We searched electronic databases (PubMed, EMBASE and Web of Science databases) (Jan 1, 2007 to Jun 1, 2018). The pooled sensitivity, specificity and area under the curve (AUC) of summary receiver operator characteristic (SROC) curve were used for diagnostic values, meanwhile the pooled hazard ration (HR) and 95% CI were used to explore the prognosis capacity of miR-372 and miR-373. In addition, the publication bias of the enrolled studies was tested and a sensitivity analysis of each study was performed to evaluate the stability of the pooled result. Results: A total of eleven eligible studies containing six eligible studies containing 870 participants for diagnosis and 1218 cancer cases for prognosis were selected for this study. For diagnosis, the pooled results revealed that the miR-371 (sensitivity: 0.85, specificity: 0.92, AUC: 0.92) and miR-373 (sensitivity: 0.81, specificity: 0.93, AUC: 0.93) could be used as diagnostic biomarkers. For prognosis, we observed that elevated miR-372 indicated poor prognosis (HR=2.31, 95% CI: 1.04-5.14), especially in the cutoff value subgroup of median (HR=2.62, 95% CI: 1.54-4.46). In addition, pooled results showed that expression of miR-373 was not related to prognosis because of the significant heterogeneity, and the high miR-373 expression presented favorable prognosis in Asians (HR=0.34, 95% CI: 0.23-0.50) after omitting the study of heterogeneity origin.
Introduction
MicroRNAs (miRNAs), a primary class of endogenous, small, and noncoding RNA containing 18-24 nucleotides, have been found to have vital functions in posttranscriptional regulation of genes. 1 MiRNAs degrade transcription and repress translation via implicating in target messenger RNA (mRNA) to form RNAinduced silencing complexes (RISCs), and consequently lead to mRNA decapping and deadenylation. 2 There have been overwhelming evidence suggesting that miRNAs dysregulation in cancers could affect the biological behaviors of cells, such as abnormal proliferation, invasion, metastasis and epithelial-mesenchyme transition (EMT) of cancer cells, by influencing oncogenes and tumor-suppressor genes. 3 Therefore, abnormal miRNAs expression could be potentially used as diagnosis and prognosis tumor biomarkers, and miRNAs also could be a treatment target. MicroRNA-371-3 (miR-371-3) cluster locates on chromosome 19 and has three members, miR-371, MiR-372 and miR-373. MiR-371-3 cluster has been discussed to be involved in several diseases, such as canine visceral leishmaniasis, 4 stroke, 5 Kawasaki diseases, 6 colon cancer, 7 and moreover, it's role in the pathology of cancers is currently being focused on in several studies. [8] [9] [10] [11] MiR-372 and miR-373 were reported to have the capacity to activate wild-type p53, counteract p53-mediated CDK inhibition and nourish oncogenic RAS to promote testicular germ cell cancerous process, 12 and up regulated miR-371-3p could reverse the acquired drug resistance and improve overall survival of cancer patients. 8 For miR-372, over-expression represses insulin-like growth factor 2 mRNA-binding protein 1 (IGF2BP1) to suppress cancer proliferation and metastasis. 13 For miR-373, it has been identified as being significantly elevated in lymph nodepositive breast tumor samples, indicating that it plays a role in invasion and metastasis of tumors. 14 However, there are some reports holding different attitudes that down regulation of miR-373 in non-small-cell-lung-cancer (NSCLC) cells was observed to be associated with suppression of the cell EMT, proliferation, migration, and invasion. 15 Therefore, the role of miR-371-3 in development and progression of cancers remains obscure. In addition, the cluster was also reported as a diagnostic or prognostic biomarker, but the conclusions have remained elusive. MiR-371 and miR-372 in serum was reported to have a diagnostic value for germ cell tumors, 16 testicular germ cell cancer, 17 gastric cancer, 18 pancreatic cancer, 19 and breast cancer, 20, 21 respectively. However, for miR-371, the sensitivity and specificity ranged from 75% to 98.60%, and 63.41% to 99.00% with AUC from 0.715 to 0.929, respectively and for miR-372, the sensitivity and specificity ranged from 68.00% to 96.80%, and 84.3% to 100% with AUC from 0.84 to 0.879, respectively. Such a varied result was arose from the different sample size, cutoff value, or cancer types. On the other hand, studies have evaluated the prognostic value of miR-372 and miR-373 for cancers, and reported they could serve as favorable survival indicators, 15, 19, [22] [23] [24] as well as adverse survival indicators. [25] [26] [27] [28] [29] [30] Therefore, the diagnostic and prognostic values of miR-371-3 cluster are unclear currently. Hence, considering the disputable evaluation of the miR-371-3 cluster, this study were performed to integrate related published studies to evaluate the potential role of these miRNAs as diagnostic and prognostic biomarkers in various cancers.
Materials and methods

Search strategy
To identify the related published articles, we searched three databases including PubMed, Web of Science, and Embase between Jan 1, 2007, and Jun 1, 2018, by the following keywords restricting, namely ('microRNA-371ʹ OR 'miR-371ʹ OR 'microRNA-372ʹ OR 'miR-372ʹ OR 'microRNA-373ʹ OR 'miR-373ʹ OR 'microRNA-371-3ʹ OR 'miR-371-3ʹ) and ("carcinoma" OR "cancer" OR "neoplasm" OR "tumor"). To get additional articles, some potential related articles were included for full-text review based on the headline and abstract, and the references of full-text articles were also traced.
Inclusion and exclusion criteria
Inclusion criteria for articles identification were as following: 1) the patients reported were definitively diagnosed by the gold standard; 2) the expression of miR-371 or miR-372 or miR-373 were detected in body fluids, such as plasma, serum, tissue or sputum; 3) the diagnostic or prognostic value of one or more of the miR-371-3 cluster were connected; and 4) the sufficient data were provided to extract or calculate the diagnostic value for true positives (TP), false positives (FP), false negatives (FN), and true negatives (TN) and the prognostic value for overall survival (OS), progression-free survival (PFS), recurrencefree survival (RFS), or disease-free survival (DFS). We deemed the studies which had one of the following features as ineligible: 1) non-English publications; 2) lacking indispensable data for meta-analysis; and 3) containing duplicate data.
The NOS scale was applied to evaluate the quantity of articles before we excluded the inappropriate ones. We strictly followed the principles of the scale to award scores for each item and the articles scoring 6 or more were selected out of full marks of 9 points.
Data extraction and checking
Two authors reviewed and extracted information from the studies using a uniform criteria list independently. The extracted information below were concerned with outcome indicator: date of publication, type of microRNA, nationality of case, dominant ethnicity of case, mean or median age of participants, kinds of malignant disease, source of data, size of research cohort, sampling method, detection method, follow-up time, HR and 95%CI, cut-off value, grade of cancer, and diagnostic power (including TP, FP, TN and FN).
Statistical analysis
To explore the performance of the cancer process and cancer outcomes impacted by dysfunction of miR-371-3, we pooled the HR of miR-372 and miR-373 expression for OS/RFS/PFS/DFS (high expression vs low expression). The data of two studies which didn't present directly were extracted from the Kaplan-Meier survival curves via the way Tierney reported. 31 In addition, Engauge
Digitizer version 4.1 was used to recognize the graphical survival plots. The effects of heterogeneity were investigated by Chi-square test and I 2 statistic. If I 2 was >50% or P<0.05, a random-effects model was applied; or else a fixed-effects model was selected. 32 Sources of heterogeneity across contained articles were investigated with stratified analyses. We executed funnel plots, Begg's and Egger's tests to identify publication bias. With respect to diagnostic power, the bivariate regression model was used to combine sensitivity, specificity, positive likelihood ratios (PLRs), negative likelihood ratios (NLRs), and diagnostic odds ratio (DOR) with 95% CIs, based on the original statistics from the diagnostic four-fold table. We established summary receiver operator characteristic (SROC) curve and figured out the corresponding area under the SROC curve (AUC) based on the sensitivity and specificity of each study. Potential sources of heterogeneity were tested by the subgroup of participant characteristics and meta-regression. In addition, we adopted Deeks' funnel plot to describe the publication bias. The data for prognosis was calculated by the STATA (11.0) software. We deemed it was not statistically significant if P>0.05, on the contrary, it would be elaborated.
Results
Eligible studies
We searched the three databases and 231 (PubMed, Web of science and Embase) articles matched the keywords. After screening headline, abstract, authors and their institutions, we identified that 18 studies were duplicates, and 185 articles were systematic reviews, letters, meta-analyses, or not related to the topic. And then, 28 eligible studies with available date were enrolled for the data extraction.
Due to lack of crucial statistic data, a total of 16 eligible studies were included finally, with a combination of eleven studies for prognostic and six studies for diagnostic metaanalysis ( Figure 1) .
The enrolled 16 studies recruited 1,318 participants totally. As for prognosis, five studies (n=538) were prospective studies of the impact of miR-373 on the survival rate of cancer patients. 15, 19, 23, 24, 30 The data related to miR-372 was extracted from five studies (n=580). 22, 25, [27] [28] [29] Moreover, one study (n=100) contained both miR-372 and miR-373 for prognostic value. 26 Regarding diagnosis, miR-371 was presented by three studies (n=497), [16] [17] [18] and three studies (n=373) were linked to miR-373.
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Diagnostic meta-analysis
Study characteristics
Six articles which discussed the role of miR-371 and miR-373 in diagnosis of cancers were selected and the details of participants are presented in Table 1 . For miR-371, two studies explored germ cell tumors and the other one was concerned with gastric cancer; and for miR-373, one study was focused on pancreatic cancer and two studies were about breast cancer. In all enrolled studies, quantitative real-time polymerase chain reaction (qRT-PCR) was applied to detect expression of miRNAs and all the samples were collected from serum except one which was taken from plasma.
Expression of miR-371/3 and diagnosis
To discern whether the miR-371-3 level in serum of patients correlated with cancer development, we pooled the diagnostic parameters shown as forest plots. For miR-371, the pooled sensitivity, specificity and AUC of SROC were 0.85 (95% CI: 0.75-0.92, P Heterogeneity =0.02, I 
Prognostic meta-analysis Study characteristics and quality assessment
The dominant characteristics of the included eleven studies are summarized in Tables 2 and 3 . For miR-372, the expression of miRNA was detected by qRT-PCR except one which was detected by in situ hybridization (ISH) and all six studies performed target miRNA expression screening in tumor tissues and corresponding para-carcinoma tissues. There were two articles evaluating HR about hepatocellular carcinoma (HCC) and the other four studies were about urothelial carcinoma (UC), oral squamous cell carcinoma (OSCC), colorectal cancer (CRC), and gliomas, respectively. For miR-373, the included six studies detected miR-373 expression with qRT-PCR, two of the six presented prognostic value in the serum samples and four studies in tissue samples. Bladder cancer (BCa), pancreatic cancer, non-small cell lung cancer (NSCLC), gliomas, oral squamous cell carcinoma (OSCC) and epithelial ovarian cancer (EOC) were explored. To assess the quality of enrolled studies, we adopted the Newcastle-Ottawa Scale (NOS) 33 to score the studies based on nine criteria (Tables 2 and 3 ).
Expression of miR-372 and prognosis
The association of miR-372 cluster relative expression (low or high) to prognosis was evaluated by seven studies, and the critical value of miRNA cluster was defined separately by each author. Pooled results showed that elevated miR-372 was associated with poor prognosis (high expression vs low expression: HR=2.31, 95% CI: 1.04-5.14, P Heterogeneity <0.001, I 2 =87.9%) ( Figure 4 ). To identify the origin of the heterogeneity among studies, we performed subgroup analyses for race, main assay method, and cutoff value. There were no associations between miR-372 and the race subgroup, but a significant connection of up-regulated miR-372 with poor prognosis was found in the median of the cutoff subgroup (HR=2.62, 95% CI: 1.54-4.46, P Heterogeneity =0.139, I 2 =45.3%). The pooled results of the subgroup with qRT-RCR method showed that high expression of miR-372 indicated poor prognosis exceptfor one study with ISH (HR=2.94, 95% CI: 1.82-4.74, P Heterogeneity =0.101, I 2 =48.4%) ( Figure 5 , Table 4 ).
Expression of miR-373 and prognosis
Six studies involving miR-373 were included in this study, and there was one study reporting on miR-372 and miR-373 simultaneously. 26 The pooled results showed that there was no significant association between expression of miR-373 and prognosis (HR=0.68, 95% CI: 0.27-1.69, P Heterogeneity <0.001, I 2 =90.4%) ( Figure 4 ). 
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Due to the significant heterogeneity among studies, subgroup analyses for race, cutoff value and sample source were conducted. In the results of the race subgroup, we found miR-373 was not associated with prognosis (HR=0.51, 95 CI%: 0.20-1.31, P Heterogeneity <0.01, I 2 =89.8%), but elevated miR-373 predicted favorable prognosis in the Asian population (HR=0.338, 95% CI: 0.23-0.50, P Heterogeneity =0.305, I 2 =17.2%) after omitting one study. We failed to find any significant association between miR-373 expression and prognosis by high expression compared with low expression in the subgroups of sample source and cutoff value ( Figure 6 , Table 4 ).
Publication bias and sensitivity analyses
To evaluate the stability of the results, we conducted sensitivity analyses to calculate the HR and 95% CI by omitted studies one by one. For miR-373, results of pooled HR was stable; however, for miR-372, the HR was changed from 2.31 (95% CI: 1.04-5.14) to 2.94 (95% CI: 1.82-4.74) when one of the studies was discarded 24 ( Figure 7 ).
Egger's and Begg's tests were utilized to evaluate publication bias of studies. As the figure shows, the symmetric funnel plots indicated that there were no significant publication biases for the miR-373 (t=−0.28, P=0.792), but for miR-372, publication biases were existent (t=3.33, P=0.029) (Figure 8 ).
Discussion
This study included 16 studies devoted to exploring the diagnostic and prognostic value of miR-371-3 cluster for cancers, and the pooled result showed that the members of miR-371-3 cluster could serve as cancer diagnosis biomarkers and prognostic indicators.
We observed miR-371 and miR-373 have diagnostic value for cancer based on pooled results of seven studies. In fact, studies have verified that miR-371-3 cluster could be used as a biomarker for cancer screening when combined with other miRNAs.Razzak et al 34 combination of miR-373 and miR-10b could elevate the sensitivity and specificity from 68% and 89% to 72% and 94.3%, 21 and, in germ cell tumors detection, a panel of miR-372-3p, miR-373-3p and miR-367-3p can increase sensitivity of miR-371a-3p from 88.7% to 92%. 16 The result of these studies which are inconsistent with published data suggest that the combination of miR-371-3 cluster could be a favorable diagnostic biomarker for cancers. Recently, some reliable evidence has suggested that miR-371 and miR-373 could affect tumor initiation, cell proliferation and stemness of cancer cells via several complicated pathways. In metastasisderived tumor initiated cells (TICs), TGFβ receptor 2 (TGFBR2), an identified target of miR-371-3, were repressed and the miR-371-3/TGFBR2/inhibitor of DNA binding 1 signaling pathway showed credible connection to self-renewal of TIC. 7 MiR-373 regulated tumor cell proliferation and growth by prohibiting or enhancing multiple target genes expression, including large tumor suppressor homolog 2 (LATS2), 12, 36 CD44, 14 nuclear factor I/B (NFIB), 37 and estrogen receptor (ER). 38 Moreover, the stemness of CRC cells was enhanced by miR-372/373 via repressing differentiationrelated pathways, such as NFκB, MAPK/Erk, and VDR. 39 For the predictive value of miR-372 and miR-373, upregulated miR-372 was associated with poor prognosis and the results were more stable after omitting one study with ISH method. The pooled results indicated that there was no significant association between miR-373 and cancer patient survival (OS/RFS/PFS/DFS). However, increased miR-373 was associated with favorable OS based on the Asian population from four studies; the opposite results of the excepted study may be due to the unbalanced proportion of sex ratio (male/ female: 47/3). We speculated that the prognostic trend about race may be due to the lack of studies reported in Caucasians, and still no study has verified the relationship between the role of miR-372 in cancer prognosis and race differences. MiR-371-3 cluster could influence cancer progress and recurrence rate mainly via the following three points. Firstly, lymph node metastasis is the most common result for tumor recurrence. In invasive cancer cells, overexpression of miR-373 induced by the zinc-dependent factor CREB could not only further down regulate TP53INP1 (nuclear protein), LATS2 or CD44 for breast and pancreatic cancer, 14, 40 but suppress the large tumor suppressor homolog 2 (LATS2), leading to p53 pathway restrained in TGCTs. 41 Secondly, the emergence of drug resistance is a growing problem. Silenced miR-373 which induced by DNA methylation was reported to target RelA and PIK3CA mRNA, contributed to cisplatin sensitivity and tumor growth suppressed in lung cancer. 42 Lastly, the tumor microenvironment is an indispensable factor to affect tumor development. Under hypoxia, the expression of miR-373 was increased in breast cancer cell line (MCF-7) and cervical cancer cell line (HeLa), which could lead to disordering of glucose metabolism and apoptotic pathway. 43 There was obvious heterogeneity among the published data we included. These opposite results may be due to the difference of detection methods and cutoff value. For example, decreased miR-372 in HCC tissues reported by Wu et al 22 who compared with different normal human hepatocyte. The different reference object and study method could result in the different experimental results. As for cutoff value, four of six studies for miR-372 divided the patients into high and low expression group by the median expression of target miRNA and the other two studies selected mean expression of miR-372. For miR-373, half of the six studies chose median expression and the others didn't mention it. This subjective method of group division may also be one of the reasons for the heterogeneity.
There are several limitations in this article we must to point out. Firstly, the HR and corresponding 95% CIs of two articles for OS which were extracted from survival curves may be inaccurate and have a certain impact on the final results. Secondly, the documents we screened are all in English, and deviations could be caused by the language restrictions. Thirdly, the number of articles included may be too small to summarize the diagnostic and prognostic value of miR-371-3 cluster. Lastly, although human miR-371, miR-372 and miR-373 are clustered within 1.1kb on chromosome 19, several types of microRNA are derived from this cluster, such as miR- 371a-3p (previous ID: miR-371-3p), miR-371a-5p (previous ID: miR-371-5p), miR-371b-3p and miR-371b-5p ( Figure  S1 ). We combined the results and ignored the differences between miR-371-3p or miR-371-5p because up to date, there have been no studies concerned with the difference of miR-371-3p and miR-371-5p for the diagnostic or prognostic value. But it should be noted whether there are differences between mature miRNA of miR-371-3 cluster members when used as biomarkers, which should be considered by further studies. In short, this study based on the published data suggested that the miR-3713 cluster member (miR-371/miR-373) in serum could be used as diagnostic biomarkers and that miR-372/miR-373 has a potential prognostic value for cancer survival. Figure S1 The genomic localization chart and sequences of miR-371-3 cluster.
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